MR, Forster HV. Differences between three inbred rat strains in number of K ϩ channel-immunoreactive neurons in the medullary raphé nucleus. J Appl Physiol 108: 1003-1010, 2010. First published November 19, 2009 doi:10.1152/japplphysiol.00625.2009.-Ventilatory sensitivity to hypercapnia is greater in Dahl salt-sensitive (SS) rats than in Fawn Hooded hypertensive (FHH) and Brown Norway (BN) inbred rats. Since pH-sensitive potassium ion (K ϩ ) channels are postulated to contribute to the sensing and signaling of changes in CO2-H ϩ in chemosensitive neurons, we tested the hypothesis that there are more pH-sensitive K ϩ channel-immunoreactive (ir) neurons within the medullary raphé nuclei of the highly chemosensitive SS rats than in the other two strains. Medullary tissues from male and female BN, FHH, and SS rats were stained with cresyl violet or with antibodies targeting TASK-1, Kv1.4, and Kir2.3 channels. K ϩ channel-ir neurons were quantified and compared with the total neurons in the region. The total number of neurons in the medullary raphé 1) was greater in male FHH than the other male rats, 2) did not differ among the female rats, and 3) did not differ between sexes. The average number of K ϩ channel-ir neurons per section was 30 -60 neurons higher in the male SS than in the other rat strains. In contrast, for the females, the number of K ϩ channel-ir neurons was greatest in the BN. We also found significant differences in the number of K ϩ channel-ir neurons between sexes in SS (males Ͼ females) and BN (females Ͼ males) rats, but not the FHH strain. Our findings support the hypothesis for males but not for females, suggesting that both genetic background and sex are determinants of K ϩ channel immunoreactivity of medullary raphé neurons, and that the expression of pH-sensitive K ϩ channels in the medullary raphé does not correlate with the ventilatory sensitivity to hypercapnia. potassium channels; CO 2 sensitivity; raphé nucleus WE (6, 9, 11) and others (25) have previously reported differences in ventilatory sensitivity to hypercapnia between inbred rat strains. Male and female Dahl salt-sensitive (SS) rats increase pulmonary ventilation ϳ183% after switching the inspired gas from room air to a mixture with 7% CO 2, while both male and female Fawn Hooded hypertensive (FHH) and Brown Norway (BN) rats only increase ventilation 94% and 37%, respectively, with the same challenge (11). This large difference in pulmonary ventilation is a result of differences in both the tidal volume and breathing frequency response to inhaled CO 2 . Despite the large interstrain variation, there were no differences in the hypercapnic ventilatory response between sexes in any strain. Likewise, there were no differences between these strains in breathing during eupnea or in the ventilatory responses to hypoxia or exercise (6, 9, 11); thus the strain differences appear specific to the CO 2 -H ϩ chemoreception and/or chemosensory integration.
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Respiratory CO 2 -H ϩ chemoreceptors are thought to be located at widespread sites in the brain (12, 17, 18, 21, 30) . The sensing and intracellular signaling mechanism(s) involved in chemotransduction are not well understood but are likely driven by changes in intracellular and extracellular CO 2 and [H ϩ ] (8, 21). For many chemosensitive neurons, acidosis-dependent depolarization apparently depends on the inhibition of multiple pH-sensitive K ϩ channels (2, 8, 19, 31) , acting to increase discharge frequency and thus excitatory input to the respiratory network to ultimately increase pulmonary ventilation. These K ϩ channels include select inwardly rectifying (Kir2.3) (19, 31) , voltage-activated (K v 1.4) (8), and twik-related acid-sensitive [TASK-1; (2)] potassium channels. TASK-1 channels are sensitive to changes in extracellular pH over a range of pH ϭ 6.5-7.8 (5), while Kir2.3 and K V 1.4 channels are sensitive to both intracellular and extracellular pH, with pK a values centered on pH ϳ 6.8 -7.2 (31) and pH ϭ 6.3-7.5, respectively (21) . However, it is not known if differences in the expression of these pH-sensitive K ϩ channels within chemoreceptive nuclei relate to differences in the ventilatory response to hypercapnia in vivo, or what exactly determines the output of a chemosensitive region to the respiratory network. One possibility is the potential for differences or changes in expression of CO 2 -H ϩ -sensitive ion channels, as has been suggested by Nichols et al. (18) . They postulated that "a chronic hypoxia-induced increase in the number of CO 2 -H ϩ inhibited neurons in the solitary complex (SC) is due to the change in the expression of CO 2 -H ϩ -sensitive ion channels converting CO 2 -insensitive SC neurons into CO 2 -inhibited neurons."
Since the role in CO 2 sensitivity of the number or percentage of neurons expressing K ϩ channels is unknown, the objective of the present study was to determine whether there are differences between the three inbred rat strains in the number of K ϩ channel-ir neurons. Our observations were focused on the medullary raphé nuclei, a documented site of CO 2 -H ϩ chemosensitive neurons (12, 13, 22, 30) . We reasoned that CO 2 -H ϩ inhibition of K ϩ channels in a relatively greater number of neurons would lead to greater excitation of the respiratory network and a relatively greater hypercapnic ventilatory response. Thus we hypothesized that we would detect a greater number of K ϩ channel-ir neurons in the medullary raphé of SS rats than in the other rat strains.
METHODS
In-house SS (6 male and 6 female), BN (6 male and 6 female each), and FHH (7 male and 7 female) rat strains were studied. Both male and female rats were studied due to previously observed sex differences in physiological phenotypes, including the control of breathing (6, 20, 23, 24) . All rats were generated and continuously housed at the Medical College of Wisconsin (MCW) Biomedical Resource Center Transgenic Barrier facility before participation in experimental protocols. All animals were provided a diet of Purina Rat Chow and water ad libitum. None of the rats were used for any physiological studies. All aspects of the protocols were reviewed and approved by the MCW Animal Welfare Committee.
Histology. At 70 days of age, all rats were euthanized with pentobarbital. The heart was exposed and the ascending aorta was cannulated via left ventricular puncture. The lungs were tied with silk suture to ensure the direction of flow toward the brain, the descending aorta was clamped, and the right atrium was cut to allow flow. The brain was then perfused with 0.2 M PBS via a roller pump for 20 min, followed by perfusion with 4% paraformaldehyde (PFA) in PBS for 30 min (10 ml/min). The medulla was extracted, postperfusion fixed in 4% PFA for 2 h, and dehydrated over 2 days with 20% and 30% sucrose solutions, respectively. The medulla was then frozen at Ϫ80°C, and transverse sections (25 m) were generated serially in four series and mounted on coated slides from obex and continuing ϩ2.0 mm rostral. The first series was stained with cresyl violet (Nissl) to determine the total number of neurons within the medullary raphé. The remaining three series were stained with polyclonal antibodies (1:100, Alomone Labs, Jerusalem, Israel) raised in rabbits targeting rat (residues 589 -655 for K V1.4, or residues 418 -437 for Kir2.3) or human (residues 252-269 for TASK-1) proteins. The specificity of these antibodies has been demonstrated by the supplier (Kir2.3) and others [K V1. 4 and TASK-1 (10, 14 -16) ]. The sections were first rinsed with Tris buffer, avidin and biotin blocked (30 min each), and peroxidase and protein blocked (20 min each) before exposure to the primary antibodies for 48 h. The tissues were then washed (20 min ϫ 2) in PBS and incubated with a secondary antibody (biotinylated anti-rabbit antibody) for 3 h, rinsed, and reacted with diaminobenzidine (10 min), and finally rinsed with Tris buffer, dehydrated, and coverslipped.
Data acquisition and statistical analysis. For the purposes of cell counts, we defined the raphé pallidus as ventral to the olivary nuclei and at the midline between the olivary nuclei ( Fig. 1) . Raphé obscurus was identified as dorsal to the olivary nuclei and medial and ventral to the hypoglossal nerves. Stained tissue was visualized microscopically (40ϫ), imaged with acquisition software (SPOT Basic, Diagnostic Instruments), and the count area determined using analysis software (Metamorph, Molecular Devices). Within the designated area of interest, neurons were included in the counts based on the following criteria: degree of staining, neuronal size and shape, and section quality. Neurons that were 15-20 m in diameter, with a clearly identifiable soma, nucleus, and dendritic or axonal processes were determined to be immunopositive or immunonegative based on the degree of antibody staining. The degree of neuronal staining was variable in individual neurons within the raphé (and other nuclei) for each of the K ϩ channels, where some neurons were faintly stained (negative) and others stained heavily (positive) compared with background levels. Examples of images of positively and negatively stained neurons are shown in Fig. 2 . Finally, neuron counts were not made if the tissue sections were folded, bubbled, or damaged during processing.
Neurons were manually counted exclusively by one investigator. However, periodically a second investigator would also count a limited number of sections. In a systematic comparison between two investigators each counting neurons on 40 sections of each stain, the average difference between the counts was Ͻ1% (P Ͼ 0.10) of the total number of neurons and the SD of the differences were 5.7%, 6.5%, 7.8%, and 5.6% of the total number of Nissl, Task-1, K v1.4, and Kir2.3 stained neurons, respectively. Nissl-stained neurons were used as an index of the total number of neurons, and these were compared with neurons immunostained for the K ϩ channel on serially juxtaposed section. The density of the neurons was calculated by dividing for each section the number of neurons by raphé area.
A two-way ANOVA was used to determine whether there were significant (P Ͻ 0.05) differences in variables measured for each rat strain within the distance 0 -2 mm rostral to obex and to determine whether there were differences between the strains in raphé area, neuron number, and neuronal density. If the two-way ANOVA P value was Ͻ0.05, a Bonferroni post hoc analysis was used to identify pairwise differences. For each sex of each strain, the average number of neurons and average density of neurons for all Nissl and all K ϩ channel stained sections were computed and then an unpaired t-test was used to determine whether there were sex differences.
RESULTS
Body weight. The body weights of the male SS (300.8 Ϯ 10.3 g) and FHH (285 Ϯ 7.6 g) rats did not differ, but these strains weighed more (P Ͻ 0.001) than the male BN (236 Ϯ 4.5 g) rat strain. Similarly, the body weights of the female SS (200.2 Ϯ 2.9 g) and FHH (193.6 Ϯ 1.2 g) did not differ, but these strains weighed more (P Ͻ 0.001) than the female BN (156 Ϯ 6.0 g) strain. Male rats consistently weighed more (P Ͻ 0.001) than the female rats within each strain.
Area of Raphé nucleus examined. For both sexes of each strain, the cross-sectional area of the raphé increased (P Ͻ 0.001) from 1.25 mm 2 at obex to nearly 2.0 mm 2 at 2 mm rostral to obex (Fig. 3) . Even though there were strain and sex differences in body weight, there were no significant (P Ͼ Fig. 1 . Area of the medulla analyzed for total neurons and K ϩ channel immunoreactive neurons. A: transverse section (1ϫ magnification) at obex from a Dahl salt-sensitive (SS) rat that was stained for Nissl substance. B: the box in A at 10ϫ magnification, wherein the neuron count area is outlined. The small area is raphé pallidus ventral to the olivary nuclei and at the midline between the olivary nuclei. The larger enclosed area is raphé obscurus dorsal to the olivary nucleus and medial and ventral to the hypoglossal nerves.
0.05) differences in raphé area between the three strains and there were no sex differences for any strain.
Nissl-stained neurons in medullary raphé as an index of total neuron number. For both sexes of each strain, the number of Nissl-stained neurons in the raphé nucleus at obex was between 250 and 300 neurons (Figs. 4A and 5A ). The number of neurons increased (P Ͻ 0.05) rostrally reaching values between 400 and 550 neurons on the section 2 mm rostral to obex. Over the 2 mm distance of the raphé studied, the average number of neurons of all the tissue sections varied from a low of 400 neurons in male SS to a high of 448 neurons in the male FHH (Fig. 6) . The average number of neurons was higher (P Ͻ 0.05) in male FHH than in male SS and BN strains, but there were no strain differences among the females and there were no sex differences for any strain (Fig. 6, A-C) .
Number of K ϩ channel-ir neurons in the medullary raphé. For both sexes of each strain, there were ϳ200 K ϩ channel-ir neurons at obex (Fig. 4, B-D, and Fig. 5, B-D) . The number of K ϩ channel-ir neurons increased (P Ͻ 0.05) rostrally reaching values generally over 300 neurons on sections 2 mm rostral to obex. Over the 2 mm distance of the raphé studied, the average number of K ϩ channel-ir neurons of all the tissue sections was 30 -60 neurons greater (P Ͻ 0.01) in the male SS rats than in the male BN and FHH rats (Fig. 4, B-D) . In contrast, for the females, the number of K ϩ channel-ir neurons was greater in the BN strain than in the other strains with the differences significant (P Ͻ 0.05) for the Kir2.3 channel. For the SS strain, the number of K ϩ channel-ir neurons was ϳ10% higher (P Ͻ 0.001 for 2 of 3 channels) in the males than in females (Fig.  6A) . However, in the BN strain, K ϩ channel-ir neurons were consistently more than 10% higher (P Ͻ 0.01) in females than in males (Fig. 6B) . Finally, in the FHH strain there were no sex differences in number of K ϩ channel-ir neurons (Fig. 6C) . Density of neurons in the raphé nucleus. The density of Nissl-stained neurons and K ϩ channel-ir neurons did not change significantly (P Ͼ 0.10) in the region of interest. In other words, the difference in the number of neurons between 0 and 2 mm rostral to obex (Figs. 4 and 5) was due to the difference in area between 0 and 2 mm rostral to obex (Fig. 3 ). There were no differences (P Ͼ 0.10) between the strains in the density of Nissl-stained neurons (Fig. 7) . However, the density Fig. 3 . In SS, Brown Norway (BN), and Fawn Hooded hypertensive (FHH) male (A) and female (B) rat strains, the area of the medullary raphé nucleus increases (P Ͻ 0.001) between 0 and 2 mm rostral to obex. There were no significant (P Ͼ 0.05) differences in medullary raphé area between the 3 strains, and there were no sex differences for any strain. Fig. 4 . In male rats, there were significant (P Ͻ 0.05) strain differences in the total number of neurons stained for Nissl substance (A) and in the number of K ϩ channel-immunoreactive (ir) neurons (B-D) in the medullary raphé nucleus between 0 and 2 mm rostral to obex. The total number of neurons was greater (P Ͻ 0.05) in the FHH strain than in the SS and BN strains. The number of neurons immunoreactive for all 3 pH-sensitive K ϩ channels was greater (P Ͻ 0.05) in the SS strain than in the BN and FHH strains. The post hoc test did not reveal any significant differences at specific distances rostral to obex. For the total and all 3 K ϩ channel-ir neurons, there was a significant increase (P Ͻ 0.05) between 0 and 2 mm rostral to obex. Fig. 5 . In female rats, there were relatively few significant strain differences in total neurons (A) and K ϩ channel-ir neurons (B-D) in the medullary raphé nucleus between 0 and 2 mm rostral to obex. The BN tended to have more K ϩ channel-ir neurons than the other strains, but the difference was only significant (P Ͻ 0.05) for the Kir2.3 channel. For the total neurons and all 3 K ϩ channel-ir neurons, there was a significant increase (P Ͻ 0.05) between 0 and 2 mm rostral to obex. of K ϩ channel-ir neurons was greater in (P Ͻ 0.01) the SS male than in the other two male strains whereas the density of K ϩ channel-ir neurons in the FHH females was less than one or both of the other strains (Fig. 7) . Finally the density of K ϩ channel-ir neurons was generally lower in SS females than in males, but the opposite was true for the BN and there were no sex differences in the FHH strain.
Relative number of K ϩ channel-immunoreactive neurons. There were strain and sex differences in the percent of total neurons and density of neurons that were K ϩ channel-ir. In the male SS strain, 71-75% of the neurons were immunoreactive for K ϩ channels (Fig. 6D) , which was significantly higher (P Ͻ 0.01) than the 58 -63% in the BN (Fig. 6E ) and the 52-60% expression in the FHH (Fig. 6F) . Similarly, the density of K ϩ channel-ir expressed as a percentage of density of total neurons was also higher in SS males than in BN and FHH males (Fig. 8) . In the females, there were no significant differences between the SS and BN, but the percentage of total and the density of neurons that were K ϩ channel-ir neurons in the FHH strain was less (P Ͻ 0.05) than one or both of the other strains (Fig. 8 ). There were no significant sex differences in the percentage of K ϩ channel-ir neurons, but expression in the SS males tended to be higher than in females while the opposite was true in the other two strains. In the SS females and in both male and female of the FHH strain, the percentage of Kir2.3 channel-ir was lower (P Ͻ 0.05) than expression of the TASK-1 K ϩ channel.
DISCUSSION
Previous observations indicated that the hypercapnic ventilatory responses in SS rats were greater than in BN and FHH rat strains. Accordingly, we hypothesized that there would be a greater number of CO 2 -H ϩ -sensitive K ϩ channel-ir neurons in the medullary raphé nucleus of SS rats than in BN and FHH rat strains. The findings support the hypothesis for males but not for females.
The rationale for the present study was based on the following information. First, the medullary raphé nucleus is one of a handful of brain stem sites in which there are neurons sensitive to changes in CO 2 -H ϩ (4, 12, 30) . Second, studies have shown that in many neurons, increased hypercapnic acidosis inhibits K ϩ channels, which depolarizes neurons and results in an increase in discharge frequency of the neurons (2, 8, 17, 19, 31) . Presumably, the increase in discharge frequency increases the excitatory input to the respiratory control network to increase breathing. Third, TASK-1, K V , and inward rectifying K ϩ channels have all been shown to be CO 2 -H ϩ sensitive to varying degrees, and many medullary raphé neurons express all three of these K ϩ channels (Figs. 4 and 5) . Finally, it has been shown that raphé 5-HT neurons in neonatal TASK-1 channel knockout mice lack H ϩ sensitivity in vitro (17) . Accordingly, these cumulative findings provided the rationale for our hypothesis that since CO 2 -H ϩ ventilatory sensitivity is greater in SS rats compared with BN and FHH rats, there would be a relatively greater number of K ϩ channel-ir neurons in raphé neurons of the SS rats. Our . There were sex differences in the number (A-C) and percentage (D-F) of total neurons immunoreactive for K ϩ channels. For the SS strain, the number of K ϩ channel-ir neurons was ϳ10% higher (P Ͻ 0.001 for Kv1.4 and Kir2.3) in males than females (A). In contrast in the BN strain, K ϩ channel-ir neurons were consistently more than 10% higher (P Ͻ 0.01) in females than in males, but in the FHH strain, there were no significant (P Ͼ 0.10) sex differences in the number of K ϩ channel-ir neurons. When K ϩ channel immunoreactivity is viewed as a percentage of the total number of neurons (i.e., Nissl stained), the sex differences stated above are apparent, but none of these differences reach statistical significance (D-F).
hypothesis is not without precedent as Nichols et al. (18) recently postulated that a chronic hypoxia-induced increase in the number of CO 2 -H ϩ inhibited neurons in the solitary complex (SC) is due to the change in the expression of CO 2 -H ϩ -sensitive ion channels converting CO 2 -insensitive SC neurons into CO 2 -inhibited neurons.
In the interpretation of these findings, it is important to emphasize that multiple factors influence the ventilatory response to changes in CO 2 -H ϩ (21). However, the factors accounting for the differences between these three rat strains must be specific to the CO 2 -H ϩ sensing and/or signaling pathway because the ventilatory responses to hypoxia and exercise and eupneic breathing do not differ between the three strains (6, 9, 11). In addition, introgression of BN chromosome 6 on the SS background attenuated the CO 2 -H ϩ ventilatory response of this consomic rat compared with the parental SS rat, but the ventilatory responses to hypoxia and exercise and eupneic breathing did not differ between the parental and consomic rat (6) .
The data from the present and past studies provide three examples of absence of direct correlation between CO 2 sensitivity and the number of K ϩ channel-ir neurons. First, in male rats, the expression of K ϩ channel-ir neurons is 11-24% higher in SS rats than in BN and FHH rats while the SS rat has a fivefold greater ventilatory sensitivity to hypercapnia. Second, in female rats the number of medullary raphé K ϩ channel-ir neurons was greater in the BN than in the other rat strains, but ventilatory sensitivity to hypercapnia is least in the BN strain. Third, the percentage of raphé neurons that were positive for the various K ϩ channels was 50 -75% of the total number of neurons, but as shown by others, the percentage of medullary raphé neurons that have a firing rate response to hypercapnia is only a fraction (ϳ18%) of the total. These quantitative differences could reflect the contributions of 1) other chemoreceptors at widespread locations, 2) other pH-sensitive K ϩ channels, 3) other pH-sensitive ion channels, such as nonselective cation channels (21, 22) , 4) the fact that we only quantified the number and percentage of K ϩ channel-ir neurons and not the magnitude of the response to hypercapnia of individual neurons, and/or 5) differences in downstream signaling mechanisms that affect overall chemosensitivity. The mismatch between the percentage of raphé K ϩ channel-ir neurons and percentage of chemosensitive raphé neurons suggests a large percentage of the K ϩ channel-ir neurons are insensitive to hypercapnia, perhaps because they contain isoforms of these channels that are insensitive to hypercapnia. Overall, these findings suggest that neither the number nor percentage of raphé K ϩ channel-ir neurons is a critical determinant of the ventilatory response to hypercapnia.
Our findings emphasize the important role of factors related to sex in physiological responses and cellular properties. We Fig. 8 . There were differences among rat strains in the density of K ϩ channel-ir neurons expressed as a percentage of total neurons density. Presented for both males and females is the average percent density over all the sections from 0 to 2 mm rostral to obex. In male rats, the percent density was consistently greater for the SS strain than for the other strains. The only significant difference in females was that the percent density in the Kir2.3 channel was less than in the SS and BN rats. . There were differences among the rat strains in the density of K ϩ channel-ir neurons in the medullary raphé. Presented for both males and females is the average neuron density over all the sections 0 -2 mm rostral to obex. In male rats the density of all 3 K ϩ channel-ir neurons was greater in (P Ͻ 0.05) in the SS males than in the other 2 male strains. In the female rats, there were also significant differences between strains in density of K ϩ channel-ir neurons with density least in the FHH strain. There were no significant (P Ͼ 0.10) strain differences in the density of Nissl-stained neurons.
have previously observed sex differences in the effects of introgressing chromosome 6 of the BN rat onto the SS genetic background (6) . This consomic rat's ventilatory response to CO 2 -H ϩ was attenuated compared with the SS rat in the females as a result of a reduced tidal volume response. In contrast, in the male consomic rat, the ventilatory response was the same as in the SS even though the tidal volume response was reduced. This reduction was offset by a greater breathing frequency response to increased CO 2 -H ϩ stimulation in the consomic male compared with the parental male. Important to note is that introgression of the BN Y chromosome onto the SS background increased the breathing frequency response to hypercapnia in males (6) . This finding suggests that multiple genes and gene-gene interactions not only determine physiological responses but may also determine neuronal phenotypes such as expression of K ϩ channels. We are not aware of any studies that have previously documented sex differences in the number of neurons expressing ion channels that could impact ventilatory sensitivity to CO 2 -H ϩ . However, others have documented sex differences in factors that impact CO 2 -H ϩ sensitivity. For example, Schlenker and Hansen (24) found the density of neurons in the nucleus tractus solitarius and hypoglossal nucleus with the NR1 subunit of the NMDA receptor is greater in female than in male rats. Blocking this receptor subunit decreased the breathing frequency response to hypercapnia more in female than in males. Similarly, in the same nuclei the number of neurons expressing estrogen receptors-␣ and -␤ were greater in female than in male rats, leading to the conclusion that these differences "may be responsible for sex differences in control of breathing" (23) . Finally, Polotsky et al. (20) found that leptin deficiency in female obese mice had a greater depressive effect on CO 2 -H ϩ sensitivity than on male obese rats. We are also not aware of any previous studies documenting differences between genetically unique rat strains in expression of ion channels that could impact CO 2 -H ϩ sensitivity. However, several studies in addition to our own (6) have provided insights on the genetics of ventilatory control (20, (27) (28) (29) . In addition to the role of leptin, Tankersley et al. have found that the interactions between hypoxia and hypercapnia are related to genes on mouse chromosomes 1 and 5 (29) , and that variation in the acute response to hypoxia is linked to genes on mouse chromosome 9 (28). Finally, specific genetic mutations underlie the absence of chemosensitivity in human congenital central alveolar hypoventilation syndrome (1) .
Previous studies have found sex and/or strain differences in K ϩ channel expression. For example, Brouillette et al. (3) found in mice that strain and sex differences in cardiac repolarization are related to differences in androgen levels that affect the expression of K v 1.5 channels. Also studies by Few and Zakon (7) showed that variation in K v 1 channels expressed in the electric organ of electric fish correlate with differences in and sexual dimorphism of the signal this species utilizes for communication. Finally, Takimoto and Levitan (26) found that many stimuli including steroid hormones, neurotransmitters, and electrical activity affect K ϩ channel subunit gene expression, leading to changes or differences in neuronal excitability. Accordingly, these data provide additional rationale for future studies on the contribution of variations in expression of K ϩ channels to variation in chemosensitivity and other aspects of ventilatory control.
Summary and conclusions.
One major finding of this study was the absence of a consistent relationship among rat strains in the number of medullary raphé K ϩ channel-ir neurons and the previously documented ventilatory sensitivity to CO 2 -H ϩ in rat strains. These findings suggest that the relative expression of pH-sensitive K ϩ channels in medullary raphé neurons is not a critical determinant of chemosensitivity. A second major and novel finding was the differences between rat strains and between male and female rats in the number of medullary raphé neurons immunoreactive for K ϩ channels. These findings indicate that genetic background and sex are determinants of K ϩ channel immunoreactivity in the medullary raphé nucleus of rats. Finally, the sex differences in K ϩ channel immunoreactivity varied among the rat strains, indicating gene-gene interaction in the determination of this neuronal phenotype.
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